Zinc-porphyrin Solvation in folded and unfolded states of Zn-cytochrome c.
After a brief review of the use of photochemical triggers and heme metal substitution to probe the folding dynamics of cytochrome c, we present new results on the photophysics and photochemistry of folded and unfolded states of the zinc-substituted protein (Zn-cyt c). Our measurements of Zn-cyt c triplet state decay kinetics reveal a systematic isotope effect on lifetimes: the decay in the folded protein (tau(H)2(O) approximately 10 ms) is only modestly affected by isotopically substituted buffers (k(H)2(O)/k(D)2(O) = 1.2), whereas a reduced triplet lifetime (approximately 1.3 ms) and greater isotope effect (1.4) were found for the chemically denatured, fully unfolded protein. The shortest lifetime (0.1-0.4 ms) and greatest isotope effect (1.5) were found for a fully exposed model compound, zinc-substituted N-acetyl-microperoxidase-8 (ZnAcMP8), implying that the unfolded protein provides some protection to the Zn-porphyrin group even under fully denaturing conditions. Further evidence for partial structure in unfolded Zn-cyt c comes from bimolecular quenching experiments using Ru(NH(3))(6)(3+) as an external Zn-porphyrin triplet state quencher. In the presence of quencher, partially unfolded protein at midpoint guanidinium chloride (GdmCl) and urea concentrations exhibits biphasic triplet decay kinetics, a fast component corresponding to an extended, solvent-exposed state (6.6 x 10(8) M(-1) s(-1) in GdmCl, 6.3 x 10(8) M(-1) s(-1) in urea) and a slow component attributable to a compact, relatively solvent-inaccessible, state (5.9 x 10(7) M(-1) s(-1) in GdmCl, 8.6 x 10(6) M(-1) s(-1) in urea). The variation in Zn-porphyrin solvation for the compact states in the two denaturants reveals that the cofactor in the partially unfolded protein is better protected in urea solutions.